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Two episodes of remote ischemia
preconditioning improve motor and sensory
function of hind limbs after spinal cord

ischemic injury

Salah Omar Bashir’, Mohamed Darwesh Morsy™?, Dalia Fathy El Agamy?

Department of Physiology, College of Medicine, King Khalid University, Abha, Saudi Arabia, *Department of
Physiology, College of Medicine, Menoufia University, Shebeen Alkoom, Egypt

Objectives: To investigate the effect of one and two remote ischemia preconditioning episodes (1-RIPC or 2-
RIPC, respectively) on neuro-protection after spinal cord ischemic injury (SCI) in rats.

Design: Experimental animal study.

Setting: College of Medicine, King Khalid University, Abha, KSA.

Interventions: Male rats (n = 10/group) were divided into control, sham, SCIRI, 1-RIPC + SCIRI, and 2-RIPC +
SCIRI. SCl was induced by aortic ligation for 45 min and each RIPC episode was induced by 3 cycles of 10 min
ischemia/ 10 min perfusion. The two preconditioning procedures were separated by 24 h.

Outcome measures: after 48 h of RIPC procedure, Tarlov’s test, withdrawal from the painful stimulus and
placing/stepping reflex (SPR) were used to evaluate the hind limbs neurological function. SC homogenates
were used to measure various biochemical parameters.

Results: Motor and sensory function of hind limbs were significantly improved and levels of MDA, AOPPs, PGE2,
TNF-a, and IL-6, as well as the activity of SOD, was significantly decreased in SC tissue in either 1 or 2 episodes
of RIPC intervention. Concomitantly, levels of total nitrate / nitrite and eNOS activity were significantly increased in
both groups. Interestingly, except for activity of SOD, eNOS and levels of nitrate/nitrite, the improvements in all
neurological biochemical endpoint were more profound in 2-RIPC + SCIRI compared with 1-RIPC + SCIRI.
Conclusion: applying two preconditioning episodes of 3 cycles of 10 min ischemia/10 min perfusion, separated

by 24 h, boost the neuro-protection effect of RIPC maneuver in rats after ischemic induced SCl in rats.
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Introduction

The incidence of paraplegia due to spinal cord injury
(SCI) in patients undergo thoraco-abdominal aortic
repair is 5-16%."* Similar findings have been also
obtained in animal studies.>® SCI is very common
during the aortic peri-operative surgery where multiple
mechanisms are involved.” ' Ischemic preconditioning
(IPC), defined as a repetitive non-injurious ischemic
episode and reperfusion that precede a longer ischemic
insult, has been listed as the best endogenous cellular
protective mechanism yielding the tissue more resistant
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to a subsequent IRI or hypoxic insult.'® It can be per-
formed experimentally in human and animal as a
direct IPC (DIPC) or a remote IPC (RIPC), both of
which have shown promising findings with the varied
outcome against SCL.1--14-16

IPC protection on most tissues has two windows of
protection within the nervous system: an early (acute)
or late (delayed) preconditioning. The acute protective
effect of IPC become apparent within minutes after the
initial insult and dissipates over several hours.'” ' This
phase has been shown to be a protein-independent
phase that is mediated by the release of low levels of
ROS, bradykinin and adenosine, as well as activation of
potassium adenosine triphosphate channels.®!7?%22
However, the protection reappears again 24-72 h later
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(delayed) post initial preconditioning and is mediated by
the upregulation of antioxidant enzymes, heat shock pro-
teins and inducible nitric oxide synthase (iNOS), which
ultimately increases the release of NO'7-'%2325 rendering
the pretreated organ resistant to IR1 for several days after
the initial ischemic insult.'”'” Activation of humeral
and/or neural pathway has been shown to be involved
in both phases of protection.>!”

Ripc has become the most clinically related and
experimental used techniques to protection the heart,
the brain, and the kidney after a hypoxic insult.?®*°
although different protocols with varied iPc cycles,
occlusion time, and intervals between the iPc interven-
tion and the ischemia induction were used, the effective-
ness of rIpC has been also shown against the acute phase
of sCi after aorta repair or occlusion in animal models as
well as in human!'?!%:27:31-34

In addition, RIPC can induce spinal cord ischemia tol-
erance during late phase post aorta occlusion (delayed pro-
tection). In this regard, an early RIPC in the hind limbs of
rabbits improved their neurological function after a single
12.5-minutes of preconditioning followed either 24 or 48 h
later by 30-minutes of aortic occlusion improves the neuro-
logical function of the infarcted spinal cord.*” In a similar
model of rats, a reduced incidence of paraplegia and
improvements in the neurological scores were reported
with either 2 or 5 min of IPC 48 h before a 10-minutes
aortic balloon occlusion®®, or after 3 cycles of 3-minutes
ischemia/3 min reperfusion, 8 h before the occlusion of
the abdominal aorta.** Importantly, as the duration of
the intervening reperfusion period is increased, the
neuro-protection of the IPC after a first preconditioning
stimulus declines gradually and is eventually lost after 1—
2 h. However, the provision of second preconditioning
within the acute preconditioning stimulus reinstates the
protective effects.!”*> The authors concluded that
additional preconditioning to the first one is always effec-
tive during the acute preconditioning phase, the longer the
interval from the first preconditioning and the second, the
more potent is the protective effect. Unfortunately, this has
been only confirmed during the acute phase neuro-protec-
tion of RIPC.

So, the aim of the present study was to investigate the
ability of the 2nd preconditioning episode to synergize
and magnify the effectiveness of the first precondition-
ing episode in a rat model of ischemic reperfusion
injury of the spinal cord (Table 1).

Material and methods

Animals

Adult male Sprague-Dawley rats were obtained from
the Medical College at King Khalid University, Abha,

Salah Omar Bashir et al. Two episodes of remote ischemia preconditioning

KSA. All animals were housed under controlled temp-
erature (23 = 1°C), humidity (40—65%) and 12h
light/dark cycle. Animals were fed a normal diet and
had free access to drinking water ad libitum. Ethics of
this study were approved by the ethical committee of
the College of Medicine at King Khalid University,
Abha, Saudi Arabia which is in accordance to the
animal use guidelines established by the US National
Institutes of Health (NIH publication No. 85-23,
revised 1996).

Experimental procedure

Forty rats were allocated five groups (r = 10) as follows
into (1) a control group: remained with no surgical pro-
cedures or RIPC, (2) a sham-operated group: subjected
to peritoneal cavity accessed with no aorta clamping or
RIPC induction. (3) a spinal cord ischemic reperfusion
injury-induced group (SC-IRI): underwent a surgical
procedure to complete clamping of the aorta by micro-
vascular clamp forceps for 45 min, as explained later
without any preconditioning interventions. (4) a single
exposure to RIPC (1X-RIPC + SCIRI): exposed to a
single episode of RIPC 24 h before being exposed to
aorta clamp occlusion (as mentioned Above) for a
period of 45 min. (5) double exposure to RIPC (2-
RIPC + SCIRI): exposed to two RIPC episodes every
24 h and then exposed to an aorta clamp (as mentioned
above) for a period of 45 min. The experimental pro-
cedure is described in Figure 1. The aortic occlusion
period was selected as paraplegia develops in rodents
and larger animals, if the duration of aortic occlusion
equals or exceeds 30 min.***” The RIPC episode was
selected as single episode of RIPC-induced by 3 cycles
of 10 min ischemia/10 min reperfusion affords early
protection against SCIRI.* Neurological function and
tissue collections were done 48 h post the aortic clamp
in all groups of rats.

Induction of SC-IRI

The procedure of anesthesia and induction of SC-IRI in
rats of this study was done as previously described in our
labs.*® Rats were anesthetized with intraperitoneal (i.p.)
injection of 60 mg/kg ketamine and 5 mg/kg xylazine
and were given an intravenous (i.v.) dose of 150 IU /kg
heparin. Rats were placed in a supine position of a
heating pad to maintain body temperature at 37°C
and their femoral and carotid arteries were cannulated
with catheters to measure distal arterial pressure
(DAP) and proximal arterial pressure (PAP), respect-
ively. A midline laparotomy was conducted and a micro-
vascular surgical clamp was placed over the abdominal
aorta below the left renal vein and just above aortic
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Table 1 Sensory assessment and placing stepping reflex in all groups of rats.
Test Control Sham SC-IRI 1XRIPC + SC-IRI  2XRIPC + SC-IRI P value
Sensory assessment Normal 10 (100%) 10 (100%) 2%° (29%) 6°°° (67%) 8arcd (89%) c®=P<.025
Affected 0 (0%) 0 (0%) 50 (71%) 395 (33%) 13bcd (119%)
Placing/stepping reflex ~ Normal 10 (100%) 10 (100%)  13° (14%) 435 (44%) 5abcd (56%) c?=P<.025
Impaired 0 (0%) 0 (0%) 220 (299%) 52°° (56%) 4309 (44%)
Lost 0 (0%) 0 (0%) 435 (57%) 0% (0%) 0%°¢ (0%)

Notes: Results are expressed as number of rats and the percentage of number. Significance was considered when P value was <.05. a:
vs. control; b: vs. Sham-operated; ¢: vs. SC-IRI and d: vs. 1-RIPC + SCIRI spinal cord ischemic reperfusion injury-induced group;. IX-
RIPC: one episode of remote ischemia reperfusion injury. 2X-RIPC: two episodes of remote ischemia reperfusion injury separated by

24 h.

bifurcation for continuous complete occlusion of the
aorta for 45 min. This has been confirmed by the
immediate sustained decreased in distal aortic pressure.
During the occlusion procedure, the proximal aortic
pressure was maintained approximately at 40 mmHg
by blood withdrawal in a collecting circuit filled with
heparinized saline (4 U/ml) which was always main-
tained at 37°C. At the end of the ischemic period, reper-
fusion was done by releasing the aortic clamp and the
heparinized blood was reperfused back to the rats over
a period of 1 min.

The death rate in the control and sham group were 0%
(zero rats), while in the SC-IRI group of rats is 30%
(three rats). On the other hand, the death rate in
IXRIPC+SC-IRI and 2XRIPC+SC-IRI groups was
10% (one rat).

Neurological assessment

The motor function was assessed in each rats using
Tarlov’s Scoring which is well established in our
labs.*® In this test, each rat is given a score between

0.0 and -5, based on the following criteria (1) score
0 = no voluntary hind limb movement, (2) score 1 =
movement of joints perceptible, (3) score 2 = active
movement but unable to sit without assistance, (4)
score 3 = able to sit but unable to hop, (5) score 4 =
weak hop and (6) score 5 = complete recovery of hind
limb function. Similarly, sensory function of hind
limbs was assessed by the withdrawal of one limb from
a painful stimulus*® where score 0 indicates no ability
to respond to the noxious stimulus and score 1 indicates
a positive withdrawal response. Dragging the dorsum of
the hind paw along the edge of a surface procedure was
used to assess the placing/stepping reflex (SPR) of each
rat.*® This normally evokes a coordinating lifting and
placing response which was graded as follows: 0 =
normal;1 = weak; and 2 = no stepping.

Blood and spinal cord collection and
measurements

Rats were anesthetized with sodium pentobarbital
(50 mg/kg, i.p.). One ml of blood was directly collected

24h 24 h 48h
1. Control 1 I 1 1
No RIPC No RIPC No aortic Neurological
occlusion assesment and tissue collection
24h 24h 48h
2. Sham I 1 T 1
No RIPC No RIPC No aortic Neurological
occlusion assesment and tissue collection
24 h 24h 48 h
3. SCIRI I 1 1 1
No RIPC No RIPC Aortic Neurological
occlusion assesment and tissue collection
24h 24 h 48 h
4. 1X-RIPC+SCIRI I 1 1
No RIPC RIPC1 Aortic Neurological . .
occlusion assesment and tissue collection
24 h 24 h 48h
5. 2X-RIPC+SCIRI I 1 1 1
RIPC 1 RIPC 2 Aortic Neurological
occlusion assesment and tissue collection
Figure 1 Experimental design of the study.
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from each rat into EDTA tubes to collect plasma which
was used later for measurements the levels of nitrite and
nitrate using an assay kit (Cat. No. 780001, Cayman,
Ann Arbor, MI, USA). Then, rats were sacrificed with
a high dose of sodium thiopental intravenously for
humanitarian propose and rapidly the spinal cord
samples were collected from the 3rd, 4th and 5th
lumbar segments. These tissue samples were collected
and homogenized in ice-cold lysis buffer (pH 7.4) con-
taining (0.1 M phosphate, 1 mM EDTA, and 10 uM
indomethacin). To each sample, acetone was added to
each homogenate (2:1 v:v). After that, all homogenates
were centrifuged for 10 min. at 1500 rpm at 4°C to
collect the supernatants which were stored at —80°C
and used later to measure levels of Malondialdehyde
(MDA) (Cat. No. NWK-MDAO1, NWLSS, USA),
advanced oxidation protein products (AOPP) (Cat.
No. STA-318, Cell Biolabs, CA, USA) and prostaglan-
din E2 (PGE,) (Cat. No. MBS262150, MyBioSource,
CA, USA) as well as the activity of superoxide dismu-
tase (SOD) (Cat. No. 706002, Cayman Chemical, Ann
Arbor, MI, USA) and iNOS (Cat. No: MBS023874,
Mybiosource, San Diego, USA).

Statistical analysis

All statistical analysis was done using GraphPad Prism
statistical software package, version 6 (GraphPad
Prism, San Diego, CA). All data were analyzed using
one-way analysis of variance (ANOVA) followed by
post-hoc Scheffe test. Data are expressed as means +
SD and a value of P values < .05 were considered stat-
istically significant.

Results

Motor, SPR and sensory assessment

Motor function was evaluated using Tarlov’s score test
48 h post SCI in all rat’s. Figure 2 showed that the
mean value of Tarlovs score (motor function) in SC-
IRI group significantly decreased compares with both
the control and the sham rat groups. Rats of
2XRIPC + SC-IRI showed significant elevation of
their Tarlov’s score when compared with SC-IRI
group. On the other hand, the 1XRIPC group showed
significant elevation of their Tarlov’s score compared
with both the control and sham groups but, insignifi-
cantly changed when compared with either SC-IRI or
2XRIPC groups. The sensory assessment test in the
SC-IRI group showed a significant deterioration of the
sensory function (71%) when compared with either
control or sham group (0%). IXRIPC + SC-IRI and
2XRIPC + SC-IRI  groups appeared significant
improvement in their sensory function (33% and 11%,
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respectively) when compared with SC-IRI rats (71%).
2XRIPC + SC-IRI group showed significant improve-
ment in their sensory function (89%) when compared
with 1XRIPC + SC-IRI group (67%). Regarding the
placing/stepping reflex, the SC-IRI group showed sig-
nificant impairment and lost (86% for both) when com-
pared with either control or sham group (0%). Exposure
to RIPC in both 1XRIPC + SC-IRI and 2XRIPC +
SC-IRI groups resulted in significant improvement of
their placing/stepping reflex test (44% and 56% respect-
ively) when compared with SC-IRI group of rats. The
2XRIPC + SC-IRI group showed significant improve-
ment of placing/stepping reflex test (56%) when com-
pared with the 2XRIPC + SC-IRI group (44%).

Levels of inflammatory markers

There was no significant alteration in the SC levels of
TNF-a or IL-6 in the control group when compared
with the sham-operated rats. Significant elevations in
the levels of both TNF-a and IL-6 were seen in the SC
homogenates of SCIRI-induced rats (Figure 3A, B).
However, both 1-RIPC and 2-RIPC groups have signifi-
cantly lower levels of TNF-a and IL-6 in the SC hom-
ogenates of rats, compared with their corresponding
levels measured in SCIRI-induced rats (Figure 3A, B).
On the hand, 2-RIPC + SCIRI group has significantly
lowered the levels of both cytokines in the SC homogen-
ates compared with 1-RIPC + SCIRI, but there weren’t
any significant changes in their levels when 2-RIPC +
SCIRI group was compared with either control or
sham-operated rats (Figure 3A, B).

abcd

N W Hh OO
Dasaslessalassslasaal

Tarlov score

-
1

0

1XRIPC+SCIRI
2XRIPC+SCIRI

Figure 2 Tarlov scores in all groups of rats. Results are
expressed as means + SD (n = 10). Significance was
considered when P value was <.05. a: vs. Control; b: vs. Sham-
operated; c: vs. SC-IRI; d: vs. 1-RIPC + SCIRI;. SC-IRI: spinal
cord ischemic reperfusion injury-induced group; IX-RIPC: one
episode of remote ischemia reperfusion injury. 2X-RIPC: two
episodes of remote ischemia reperfusion injury separated by
24 h.
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Figure 3 Spinal cord levels of TNF-a (A) and IL-6 (B) in all groups of rats. Results are expressed as means + SD (n = 10). Significance
was considered when P value was <.05. a: vs. Control; b: vs. Sham-operated; c: vs. SC-IRI; d: vs. 1-RIPC + SCIRI; SC-IRI: spinal cord
ischemic reperfusion injury-induced group; IX-RIPC: one episode of remote ischemia reperfusion injury; 2X-RIPC: two episodes of

remote ischemia reperfusion injury separated by 24 h.

Oxidative stress parameters and PGE2 levels in SC
homogenates

No significant differences in the levels of MDA, AOPP,
PGE, or in the activity of SOD were seen between
control and sham-operated rats (Figure 4A-D). The
levels of MDA, AOPP and PGE, and activity of SOD
showed a significant elevation in the SC homogenates
in SCIRI-induced rats compared with the control
group (Figure 4A-D). While the levels of all these oxi-
dative parameters decreased significantly in the SC
homogenates in both 1-RIPC-induced and 2- RIPC-
induced rats when compared to SCIRI group, with a
more significant reduction in levels of MDA, AOPP,
and PGE,, but not SOD activity. Although the levels
of MDA, AOPPS, and PGE, returned almost to the
normal control levels in the SC homogenates of 2-
RIPC + SCIRI-induced rats (Figure 4A, B, D), the
activity of SOD remained significantly higher when
compared with the control or the sham-operated rats
and insignificantly changed when compared with
1-RIPC + SCIRI-induced rats (Figure 4C).

SC levels of total nitrate/nitrite and activity of
eNOS

Similarly, levels of total nitrate/nitrite and activity of
eNOS were not significantly altered between control
and sham-operated rats (Figure 5A, B). However, sig-
nificant increases in SC levels of total nitrate/nitrite
and eNOS activity were seen in SCIRI-induced rats as
compared to control or sham-operated rats. On the
other hand, levels of total nitrate/nitrite were signifi-
cantly increased more in the SC homogenates collected
from both SCIRI-induced rats received either 1 or 2-
RIPC intervention as compared to all other groups of
the study (Figure 5A, B). However, No significant
differences were detected in the SC Ilevels of total
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nitrate /nitrite and activity of eNOS when 1-RIPC +
SCIRI and 2-RIPC + SCIRI were compared to each
other (Figure 5A, B).

Discussion

RIPC acts within two phases of protection, an acute
phase which lasts for 1-2 h and a delayed phase that
may acts after 24 h up to several days.!” Interestingly
but during the acute phase of protection, it has been
suggested that the addition of a second preconditioning
stimulus could exaggerate the protective effect of the
first stimulus during the delayed phase by boosting the
protective transcriptional events that occur during this
phase.'”*3 In addition, the effect of the second stimulus
becomes more potent as the time interval between the
two stimuli is longer.*® Hence, it was of our interest in
this study to examine the effect of 2 preconditioning
stimuli separated by 24 h on the neurological outcome
measured 48 h post the aortic occlusion-induced SCI
in rats.

The first observation of this study support the sugges-
tion of Iliodromitis er al.** during acute RIPC and
shows that the addition of the 2nd preconditioning
stimulus 24 h after an initial preconditioning stimulus,
produced a more profound improvement in sensory
and motor function of the hind limbs as compared to
those measured in rats received a single episode of I/R
preconditioning. This was evident by the higher scores
obtained from the neurological examination of the
limb withdrawal from a painful stimulus, placing/step-
ping reflex (SPR) and Tarlov’s scoring system, 48 h
post the aortic occlusion. These results encouraged us
to go further looking for possible mechanisms of
action that be exaggerated by the application of a 2nd
stimulus during this protocol of RIPC.
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Figure 4 Spinal cord levels of Malondialdehyde (MDA, A), advanced oxidation protein products (AOPP, B), and PGE; (D) and activity
of superoxide dismutase (SOD, C) in all groups of rats. Results are expressed as means + SD (n = 10). Significance was considered
when P value was <.05. a: vs. Control; b: vs. Sham-operated; c: vs. SC-IRI; d: vs. 1X-RIPC + SCIRI;. SC-IRI: spinal cord ischemic
reperfusion injury-induced group; IX-RIPC: one episode of remote ischemia reperfusion injury. 2X-RIPC: two episodes of remote

ischemia reperfusion injury separated by 24 h.

The excessive amounts of ROS generated from mul-
tiple resources during the SCI as well as the active
inflammation of infiltrating macrophages and neutro-
phils and activated microglia and astrocytes are the
major effectors in the delayed insult after induction
of SCIRI where their inhibition is one of the most
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important strategies in early treatment for SCI.***°

In confirmation, in the current study, levels of lipid per-
oxides and protein oxidative stress markers namely,
MDA and AOPP as well as in the inflammatory
markers including TNF-a, IL6 and PGE, were
significantly raised in the SC homogenates, 48 h post
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Figure 5 Spinal cord levels of nitrate/nitite (A) and activity of eNOS (B) in all groups of rats. Results are expressed as means + SD
(n = 10). Significance was considered when P value was <.05. a: vs. Control; b: vs. Sham-operated; c: vs. SC-IRI; d: vs. 1-RIPC +
SCIRI; SC-IRI: spinal cord ischemic reperfusion injury-induced group;. IX-RIPC: one episode of remote ischemia reperfusion injury.
2X-RIPC: two episodes of remote ischemia reperfusion injury separated by 24 h.
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SCIRI induction. In spinal cord studies, a single
episode of RIPC was shown to reduce the levels of
MDA indicating that free radical-mediated cellular
damage was prevented.’® In support, levels of all the
above mentioned oxidative stress and inflammatory
parameters were significantly reduced in the SC tissue
exposed to SCIRI and received either single or
double RIPC intervention with a more significant
decrease to be associated with the application of two
stimuli RIPC. The SC content of ROS and MDA are
a determinant factor for motor and sensory functional
recovery after SCI.°"5? These data could explain why
these rats had better motor and sensory functions
recovery and suggest a magnification of the delayed
protection response, which was our second objective
of this study.

Previously, it was shown that low amounts of rOs
might be sufficient to serve as part of the rIpC mechan-
ism to modify cellular activities and prepare the cell
against a more severe hypoxic insult.’>>* during the
delayed phase of protection of various types iPc, the
consensus from various authors have shown that sOd,
hSps, and enOs are the major protein which upregulated
to afford the desired neuro-protection.'” Notably, the
delayed protective mechanism of rIpC is mediated via
rOs-dependent pathway via an increased cytoprotective
antioxidant response that is mediated mainly by upregu-
lation of the antioxidant enzymes, sOd and
MnSOD, 12:55:56

Surprisingly and unexpectedly, we have found signifi-
cant increases in the levels of SOD in the SC homogen-
ates of SCIRI-induced rats where it was significantly
decreased in RIPC treated rats, with a trend to more sig-
nificant decreases when the two preconditioning epi-
sodes were applied and separated by 24 h. In fact,
similar increases in SOD activity after a similar protocol
to induce SCIRI has been also reported in our previous
study.’® This could be a response to overcome the
increased ROS generated after the I/R injury. In
addition, although it is becoming increasingly clear
that induction of antioxidant enzymes may be an impor-
tant mechanism involved in delayed preconditioning,
the relative contribution of specific antioxidant
enzymes is unclear. Other important antioxidant
enzymes such as catalase could account many important
roles during IPC. An example is supported by the study
of Li et al.>” where hearts isolated from transgenic mice
in which myocardial catalase is increased 60-fold (while
SOD and glutathione peroxidase were not altered), were
resistant to I/R-induced injury. Unfortunately, we
didn’t measure the activities or expression of other anti-
oxidant enzyme or their upstream regulator, Nrf2 to
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deeply explain our results which can be considered as
a limitation of this study.

On the other hand, the role of TNF-a during IPC
remains largely unclear and contradictory conclusions
still exist. Although it is an inflammatory and cell
death-promoting agent, TNF-a may mediate several
beneficial effects during IPC by acting to suppress the
production of other pro-inflammatory cytokines and/
or enhance the expression and function of different
transporters and enzymes.5 860

However, findings of our study support the pro-
inflammatory role of TNF-a. Both protocols of RIPC
used in this study resulted in significant decreases in
TNF-a with parallel decreases in its targets, IL6 and
PGE,. Similar to these findings, levels of TNF-a were
significantly reduced in RIPC-treated rats possibly due
to preservation of antioxidants induced by IPC.*” In
spinal cord injury studies, RIPC attenuated recruitment
of leukocytes into the inflammatory site.”® Moreover,
the interplay and complex formation between the neu-
trophils and platelets was attenuated by RIPC.®!
Furthermore, RIPC after brain IRI reduced the
number of adherent leukocytes in cerebral vessels after
hypothermic circulatory arrest.®*

On the other hand, other studies have shown that the
higher levels of NO generated during IRI within a tissue,
the more protection is provided.®® This has been con-
firmed in the heart, brain and skeletal muscles where
the treatments with L-Name, a NOS inhibitor prevented
the development of IPC delayed protection.'®%36° In
fact, it was shown that NO has biphasic protection
during both the acute and delayed phases of protection
after IPC.%% This has been explained by the presence
of different isoforms of NOS in different phases, and
the differential regulation of these isoforms.*®

However, it seems that the upregulation of eNOS is
most important during the late phase after RIPC in
the brain after focal ischemia which is associated with
the activation of extracellular signal-regulated protein
kinase (ERK) and AKT Survival pathway.®> ¢ It is
noteworthy that neutral results of NO actions have
been reported in RIPC spinal cord studies in rabbits
where the authors induced RIPC using 5 min ische-
mia/15 min reperfusion followed by 49 min aorta
occlusion.”® In contrast, our results show the opposite
and highlight the important role of eNOS and NO in
the delayed protection of RICP after the SCIRI. In
this study, levels of nitrate/nitrite and eNOS were sig-
nificantly increased in SCIRI-induced rats. This could
be a transient adaptive protective mechanism to ame-
liorate the damaging effect of ROS and inflammation.
However, Further significant increases in the levels of



nitrate/nitrite and eNOS were significantly increased
in the SC homogenates of the SCIRI-induced rats
underwent the single and double preconditioning pro-
cedure with no significant difference between these
two RIPC interventions, suggesting that although
NO mediates RIPC delayed protective effect but it is
not involved in the mechanism by which the second
stimulus acts. Hence, it will worthy to investigate
other mediators of the delayed protection such as the
effect of these protocols of expression levels of HSPs
in future trails.

Conclusion

The finding of our current study showed that the RIPC
achieved by applying two equal episodes of RIPC (three
cycles of 10 min ischemia/10 min reperfusion) has a
more potent effect to reduce the neurological impair-
ments in rats after IRI, as compared to the protective
effect of a single episode of a similar RIPC. This is
associated with more profound antioxidant and anti-
inflammatory effect as well as trends to increase the
activity of eNOS and bioavailability of NO.
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